**What was known?**

SIRT1 regulated FOXO3A functions, including cell cycle arrest, resistance to oxidative stress, and the induction of cell death.

Introduction {#sec1-1}
============

Psoriasis is a chronic inflammatory disorder, which is characterized by sharply defined, erythematous, squamous plaques.\[[@ref1]\] It is triggered by endogenous factors based on a polygenic predisposition and exogenous factors.\[[@ref1]\] There is considerable interest in ascertaining the genetic basis of psoriasis.\[[@ref2]\] Henseler and Christophers described two distinct subtypes of chronic plaque psoriasis: early-onset psoriasis (EOP) before the age of 40 years and late-onset psoriasis (LOP) after the age of 40 years. EOP accounts for the majority of psoriasis cases, with LOP accounting for 25% of the cases.\[[@ref3][@ref4]\] Research has shown that patients with EOP are more likely than those with LOP to have severe psoriasis, require systemic treatment, and have a family history of the disorder.\[[@ref5]\] In addition, studies reported that patients with EOP were more likely than those with LOP to be positive for the human leukocyte antigen-Cw\*06:02 allele.\[[@ref6]\] According to the current understanding of the pathomechanisms integral to the psoriatic process, the skin disorder is characterized by decreased apoptotic cell death of keratinocytes, increased resistance of intralesional keratinocytes to apoptosis, and angiogenesis.\[[@ref1]\] Recently, studies suggested that increased oxidative stress and a reduced antioxidant capacity may play a role in the development or aggravation of psoriasis.\[[@ref7][@ref8]\] Silent information regulator (SIRT1), a member of the sirtuin family, and FOXOs are evolutionary conserved regulators of aging, metabolic processes, and the response to oxidative stress.\[[@ref9]\]

Forkhead box class O (FOXO) proteins are a subclass of the FOXO family of transcription factors and include FOXO1, FOXO3A, FOXO4, and FOXO6. FOXO proteins play crucial roles in diverse cellular processes, such as cell-cycle regulation, apoptosis, scavenging of reactive oxygen species, and DNA repair.\[[@ref10][@ref11][@ref12][@ref13]\] A recent study reported that FOXO proteins suppressed tumor formation, tumor angiogenesis, and possibly, metastasis.\[[@ref10]\] FOXO1 and FOXO3A are the most abundant FOXO isoforms in mature endothelial cells.\[[@ref11]\] Studies have demonstrated that overexpression of constitutively active FOXO1 or FOXO3A significantly inhibited endothelial cell migration and tube formation *in vitro*. \[[@ref12]\] In addition, inhibition of Ras/MEK/ERK and PI3K/AKT pathways was shown to activate FOXO transcription factors.\[[@ref13]\] A number of studies suggested that the activation of FOXO transcription factors may have physiological significance in diabetic retinopathy, rheumatoid arthritis, psoriasis, cardiovascular diseases, and cancer.\[[@ref10][@ref11][@ref12][@ref13]\]

Members of the SIRT family of genes are NAD^+^-dependent Class III deacetylase enzymes. There are seven known isoforms (SIRT1-7), which differ in their subcellular localization, substrate specificities, and functions.\[[@ref14][@ref15]\] SIRT1, which has a predominantly nuclear localization, has received the most research attention, and its impact on other proteins is relatively well understood.\[[@ref16][@ref17]\] Studies have confirmed that it plays a critical role in the regulation of numerous cellular processes, such as cell-cycle progression, nutrient metabolism, cellular ageing, and cell apoptosis.\[[@ref18]\] In addition, research has suggested that SIRT1 may have a role in skin disorders, such as psoriasis, that are characterized by hyperproliferation and inflammation.\[[@ref14]\] A gene expression microarray analysis data supported a role of SIRT1-induced inhibition of the proliferation of keratinocytes.\[[@ref14]\] SIRT1 was shown to deacetylate nonhistone proteins, including transcription factors, signaling proteins, tumor suppressors, FOXO1, FOXO3A, and FOXO4.\[[@ref15]\] Studies also demonstrated that the regulation of chromatin dynamics was involved in oxidative stress and transcription in many diseases, including cancer, as well as in glucose homeostasis and cell life.\[[@ref16]\] Another study showed that SIRT1 regulated FOXO3A functions, including cell-cycle arrest, resistance to oxidative stress, and the induction of cell death.\[[@ref19]\]

There have been no previous studies of the potential roles of SIRT1 and FOXO3A gene variants in psoriasis. Elucidating the underlying genetic mechanisms and the role of oxidative stress in psoriasis might help to shed light on potential therapeutic modalities for this skin disorder. Based on the aforementioned literature on the role of oxidative stress and inflammation in the pathophysiology of psoriasis, this study hypothesized that polymorphisms of FOXO3A and SIRT1A genes might be linked to psoriasis. This study investigated the role of SIRT1 gene polymorphisms (rs7895833, rs7069102, and rs2273773) and FOXO3A gene polymorphisms (rs2253310 and rs4966936) in EOP.

Methods {#sec1-2}
=======

 {#sec2-1}

### Study population and design {#sec3-1}

This study was approved by the Ethics Committee for Clinical Studies of the Mugla Sitki Kocman University Faculty of Medicine and was performed in accordance with the guidelines of the Declaration of Helsinki. The study consisted of 142 patients (\<40 years) with EOP psoriasis and 123 age-and gender-matched healthy volunteers (control group) without first-degree, second-degree, or third-degree relatives with psoriasis. The patients were recruited from the Department of Dermatology at Mugla Sitki Kocman University Hospital and the Department of Dermatology of Bulent Ecevit University Hospital in 2016.

Patients with psoriasis and healthy volunteers who were older than 18 year and received no systemic treatment in the last 6 months were included in the study. The exclusion criteria were LOP patients, pregnancy, lactation, malignancies, active liver disease, renal disorders, infections, alcohol use, and medication use for the condition. The characteristics of patients and control groups are shown in [Table 1](#T1){ref-type="table"}. Written informed consent was provided by all the patients and controls before the study. The severity of the skin disorder was assessed by the psoriasis area severity index (PASI).

###### 

Clinical characteristics of early-onset psoriasis patients and healthy controls
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### Genotyping {#sec3-2}

Venous blood samples from the subjects were collected into vacutainer plastic tubes containing sodium/potassium EDTA. The polymerase chain reaction (PCR) with confronting two-pair primers genotyping method was employed for genotyping SIRT1 gene polymorphisms (rs7895833, rs7069102, and rs2273773), and the PCR-restriction fragment length polymorphism method was used to determine FOXO3A gene variants (rs2253310 and rs4966936). DNA was extracted using a GeneJet Genomic DNA purification kit (Thermo K0772, USA). The primers, annealing temperatures, and fragments of these polymorphisms are shown in [Table 2](#T2){ref-type="table"}. The PCR was performed in a 25 μl volume containing 50 ng of DNA, 100 μM dNTPs, 20 pmol of each primer, 1.5 mM MgCl~2~, 1×PCR buffer with (NH~4~)~2~ SO~4~, and 1U Taq DNA polymerase. Amplification was performed on an automated thermal cycler (Roche, Swiss). The PCR products were directly analyzed by electrophoresis on 3% agarose gel. Each allele was identified according to its size. The SNPs of the FOXO3A and SIRT1 genes, primer sequences, annealing temperatures, restriction enzymes, and allele sizes are shown in [Table 2](#T2){ref-type="table"}.

###### 

Forkhead box class O 3A and silent information regulator 1 genes SNPs, primer sequences, annealing temperatures, restriction enzymes, and allele sizes
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### Statistical analysis {#sec3-3}

The allelic and genotypic frequencies of the polymorphisms were calculated both in the cases and in controls. The Hardy--Weinberg equilibrium was verified using the Chi-square test (χ^2^) and estimating the expected genotypic frequencies on the basis of the square of the binomial for these polymorphisms. The χ^2^ test was used to compare the genotypic and allelic frequency of all the genotypes. The association between the polymorphisms and psoriasis was modeled using a binary logistic regression analysis. Odds ratios (ORs) and their 95% confidence intervals (CIs) were calculated to compare the risk of EOP associated with the genotypes. In addition, a haplotype analysis was conducted to determine the effect of the genetic correlation between two polymorphic regions.

Results {#sec1-3}
=======

The mean age of the 142 patients with psoriasis was 34.52 ± 10.42 years, and the mean age of the 123 age-matched healthy volunteers was 32.68 ± 9.73 years. Males accounted for 43% of the study population. There was no significant difference in the mean age of psoriasis and control groups (*P* \>0.05). The demographic characteristics of the patients are given in [Table 1](#T1){ref-type="table"}. There were no between-group differences in age and gender (*P* \>0.05). The distribution of the FOXO3A and SIRT1 polymorphism genotypes in the control group showed no deviation from the Hardy--Weinberg equilibrium. The frequencies of the genotypes and alleles of the FOXO3A and SIRT1 genes are shown in Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}. In addition, we have analyzed the association between PASI and SIRT1 variant \[[Table 5](#T5){ref-type="table"}\]. In the result of our rs7069102 gene polymorphism analysis of SIRT1, we have found that GG genotype frequency is in severe EOP (*P* =0.043). In addition, the other variants of SIRT1 gene have not related with PASI level in EOP (*P* \>0.05). We have tried to understand the association between nail retention and SIRT1 gene variants in EOP. We have not found any significant relationship between nail retention and SIRT1 gene variants in EOP (not shown in table, *P* \>0.05). We have not found any significant association between, family history of EOP patient, and SIRT1 rs7895833, rs7069102, and rs2273773 gene polymorphisms (not shown in table, *P* \>0.05).

###### 

Genotype and allele frequencies of the Forkhead box class O 3A gene variants early-onset psoriasis and healthy controls, and their associations with risk of early-onset psoriasis compared to healthy controls
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Genotype and allele frequencies of silent information regulator 1 gene variants in early-onset psoriasis and healthy controls, and their association with risk of early-onset psoriasis compared to healthy controls
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###### 

Genotype and allele frequencies of silent information regulator 1 gene variants in early-onset psoriasis with Psoriasis Area Severity Index level
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There was a significant association between the genotypic and allelic frequencies of the FOXO3A gene rs4946936 polymorphism in EOP patients (*P* =0.010). The C allele of the FOXO3A gene rs4946936 polymorphism seemed to be a risk factor for EOP (OR=1.66; 95% Cl: 1.14-2.42; *P* =0.010). There were no significant differences between the genotypic and allelic frequencies of the FOXO3A rs2253310 polymorphism of the EOP patients compared with those of the healthy controls (*P* =0.275). We have found significant relationship between rs4946936 polymorphism and EOP patients with nail retention (not shown in table, *P* =0.014). We also found that CC frequency is significantly higher in nail retention of EOP. In addition, we have shown the association between family history in EOP and rs4946936 gene (not shown in table, *P* =0.007). We have determined an association between PASI score of EOP and rs4946936 gene polymorphism (not shown in table, *P* =0.007). In addition, there was no relation between rs2253310 gene polymorphism and nail retention, family history, and PASI (not shown in table, *P* \>0.05).

The result of the haplotype analysis of the FOXO3A gene polymorphisms (rs4946936, rs2253310) revealed no significant association in EOP patients (not shown in table, *P* \>0.05).

The results also revealed an association between the rs7069102 polymorphism of the SIRT1 gene and EOP (OR=2.24, 95% Cl: 0.864--5.828, *P* =0.027, [Table 4](#T4){ref-type="table"}). The findings revealed no association between the rs7895833 and rs2273773 polymorphisms of the SIRT1 gene and EOP (*P* =0.811 and *P* =0.565, respectively, [Table 4](#T4){ref-type="table"}). The haplotype analysis of the SIRT1 gene polymorphisms (rs7895833 and rs2273773) revealed no significant differences between the EOP patients and controls (not shown in Table, *P* \>0.05).

Discussion {#sec1-4}
==========

This study is the first to report a significant association between genetic polymorphisms of SIRT1 and FOXO3A and psoriasis. The findings indicated that the FOXO3A rs4946936 and SIRT1 rs7069102 gene polymorphisms were associated with EOP. We especially have shown that these polymorphisms are also associated with disease severity in EOP. Psoriasis is an inflammatory disorder, which is characterized by a heightened immunological response by immunological cells, thereby disrupting immunoregulation. Although the complex immunogenetics of chronic plaque psoriasis are poorly understood, it is known to be a chronic inflammatory disorder, the expression of which is dependent on proinflammatory cytokines, such as tumor necrosis factor-alpha (TNF-α), nuclear factor-kB (NF-kB) Th1cytokines, and natural killer cells.\[[@ref2]\] It was reported that activation and DNA binding of NF-kB because of the degradation of inhibitory proteins (IkBa) induce the transcription of target genes responsible for immune response and inflammatory functions.\[[@ref20]\] Omentin also has an anti-inflammatory effect that works through the NF-kB.\[[@ref21]\] It was shown that omentin inhibits TNF-alpha-induced IkBa degradation and NF-kB activity in human umbilical vein endothelial cells.\[[@ref22]\] In a previous study, the omentin gene was examined with regard to Val109Asp polymorphism, and no difference was found between the psoriasis and the control.\[[@ref20]\]

Theodorakopoulou *et al*.\[[@ref3]\] drew attention to the presence of distinct immunocytochemical differences between psoriatic skin in cases of LOP and EOP. According to the study, LOP was characterized by greater cutaneous inflammatory infiltrates and the dermis in LOP contained twice as many CD4+ cells and consequently a higher CD4:CD8 ratio as in the dermis in EOP. The study also reported significant differences in the distribution of T-cell subtypes in EOP and LOP. Hébert *et al*.\[[@ref22]\] detected an association between the IL-1B-511 × 1/1 homozygous genotype and LOP. The same study found that a polymorphic variation of the IL-1b gene (IL-1B) was not associated with EOP but that rs16944 and rs2853550 (polymorphisms of the IL-1B gene) were associated with LOP. In addition, the study revealed that the mobilization of epidermal Langerhans cells was degraded in response to IL-1b in uninvolved skin of EOP patients but not LOP patients.\[[@ref22]\] Other studies detected an association between cytokine polymorphisms (TNF-α (A-238), vascular endothelial growth factor \[G405C\], and IL-1b) and EOP.\[[@ref23][@ref24]\] Thus, to date, the evidence indicates that psoriasis is a complex polygenic disorder.\[[@ref25]\]

Recently, studies have identified the pathophysiological functions of SIRT1 and FOXO3A in various biological processes (e.g., cell-cycle regulation, apoptosis, and oxidative stress), and they have demonstrated the interaction between SIRT1 and FOXO1 in different studies.\[[@ref9][@ref10][@ref26]\] These studies showed that FOXO3A exerted its effects on biological processes by controlling the expression of the target genes.\[[@ref10][@ref26]\] A number of studies demonstrated that oxidative stress and genetic proclivity were important in various dermatological disorders, such as vitiligo and psoriasis.\[[@ref8][@ref11]\]

Ozel Turkcu *et al*. revealed an association between vitiligo and FOXO3A gene variants. In the study, the authors determined that decreased serum FOXO3A levels and catalase activity in vitiligo patients.\[[@ref11]\] In addition, the authors showed that increased superoxide dismutase antioxidant enzyme activities in vitiligo patients. They suggested that low FOXO3A levels might be associated with increased oxidative stress and that FOXO3A might regulate superoxide dismutase and catalase antioxidant enzyme activity through the removal of superoxide anions and H~2~O~2~. Furthermore, they suggested that the rs4946936 polymorphism of the FOXO3A gene might be associated with susceptibility to vitiligo. Until now, there have been no studies of the association between psoriasis and FOXO3A gene variants.

Brunet *et al*.\[[@ref19]\] suggested that the TT genotype and T allelic frequencies in the rs4946936 polymorphism of the FOXO3A gene were associated with the risk of vitiligo. The present study found an association between the FOXO3A gene variant rs4946936 and psoriasis but no relationship with the rs2253310 polymorphism. Previous studies of polymorphisms of FOXO3A confirmed the association of FOXO3A with inflammatory diseases, such as chronic obstructive pulmonary disease, rheumatoid arthritis, and inflammatory bowel disease.\[[@ref27][@ref28][@ref29]\]

Previous studies suggested that SIRT1--SIRT7 may play roles in skin aging and autoimmune skin disorders characterized by hyperproliferation and inflammation, including psoriasis, as well as cutaneous fungal infections, inherited dermatological diseases, and skin cancer.\[[@ref14][@ref18]\] It was reported that omentin-1 promotes apoptosis through regulating SIRT1-dependent p53 deacetylation in hepatocellular carcinoma cells and an adipocyte-derived hormone would contribute to the therapeutic strategies for hepatocellular carcinoma.\[[@ref30]\]

Research also demonstrated that SIRT1 enhanced the ability of FOXO3 to induce resistance to oxidative stress and cell-cycle arrest by inhibiting the ability of FOXO3 to induce cell death.\[[@ref19]\] Gene expression data were shown to support a role for SIRT1 inhibition of keratinocyte proliferation, and the data were confirmed by *in vitro* assays using human epidermal keratinocytes.\[[@ref18]\] Furthermore, studies demonstrated that the regulation of SIRT1 or SIRT6 appeared to result in downregulation of the activity of TNF-α.\[[@ref31][@ref32][@ref33]\] The TNF-α pathway is known to be involved in a number of inflammatory skin disorders, including psoriasis.\[[@ref34]\] Although, it has detected that many cytokines play role in the proliferation of keratinocytes in psoriasis, the major mediator in the pathogenesis of this disease is TNF-α.\[[@ref8]\] Reactive oxygen species play a basic role in the transformation of signals into transcription factors and activation of transcription factors. It was shown that TNF-α increased proinflammatory cytokine expression by the effect of reactive oxygen species.\[[@ref22]\] Ludikhuizeet *et al*.\[[@ref18]\] showed that modulation of the function of SIRT directed at inhibition of TNF-α. Investigations of the potential utility of modulation of SIRT in the treatment of hyperproliferative skin disorders are ongoing. The finding of the present study of an association between the rs7069102 gene polymorphism and psoriasis can aid these investigations.

Conclusion {#sec1-5}
==========

To the best of our knowledge, this is the first study to investigate the association with genetic polymorphisms of SIRT1 and FOXO3A in EOP. The results indicate that the rs4946936 and rs7069102 polymorphisms of the FOXO3A and SIRT1 genes, respectively, might be associated with susceptibility to psoriasis, especially EOP. We especially have shown that these polymorphisms are important for disease severity in EOP. Further studies with larger samples are required to elucidate the molecular mechanism underlying the association of FOXO3A and SIRT1 with psoriasis. In our study, although the sample size is not too small overall, it might be inadequate for the subcategories. Therefore, the results obtained in this study should be supported by other studies conducted with larger patient groups including LOP and by assessing other gene polymorphisms. It may be a study that could shed light on the pathogenesis of psoriasis in the future.
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**What is new?**

FOXO3A and SIRT1 gene variants may play a role in the pathogenesis of earlyonset psoriasis.
